Background: The Chernobyl disaster in 1986 and the breakup of the former Soviet Union (FSU) in 1991 challenged the public health infrastructure in the former Soviet republic of Belarus. Because infant mortality is regarded as a sensitive measure of the overall health of a population, patterns of neonatal and postneonatal deaths were examined within the Mogilev region of Belarus between 1980 and 2000.
Background
The public health infrastructure for the republic of Belarus has been challenged by two notable events occurring within the past two decades. In April 1986, the Chernobyl nuclear power station located in the northern region of Ukraine released large amounts of radioisotopes, including iodine, cesium, strontium, and plutonium, into the atmosphere. Areas receiving the most concentrated radioactive doses were regions of northern Ukraine, southern Belarus, and Russia's Bryansk region [1] . Studies assessing health effects from this event remain ongoing.
In August 1991, the Union of Soviet Socialist Republics (USSR) was dissolved and Belarus became an independent republic. The Belarussians, along with the other nations of the Former Soviet Union (FSU), were forced to respond to stresses related to the political and economic changes subsequent to the dissolution of the USSR. This political change brought about economic and social upheaval with consequences seen in the overall health status of populations in the former-USSR. In Russia, the average life expectancy of both men and women has been reduced to rates at or below those observed in the 1960's [2] [3] [4] . Increases have been noted for deaths due to infectious diseases, heart disease and trauma. In addition, maternal mortality and infant mortality rates began to climb, peaking between 1993 and 1994 [2, 5, 6] .
Infant mortality is considered as a sensitive measure of the overall health of a population, although its precise interpretation has been debated [7] . This parameter is thought to reflect an interaction of economic, social, and environmental factors likely to influence the health status of the entire population [8] . Infant mortality rates in Russia reportedly remained essentially stable from the 1970s until the 1990s [2] . Upon the collapse of the USSR, rates began to rise in most republics of the FSU [9] . However, this observed increase may have been due in part to the implementation of an expanded definition of live births, which served to increase denominator figures; economic and social changes brought by the transition were also likely contributors [10] .
In the present study, we examine infant mortality overall, as well as neonatal and postneonatal deaths, within the Mogilev region of Belarus between 1980 and 2000.
Methods

Population
The republic of Belarus borders Latvia and Lithuania on the northwest, Russia on the northeast and east, Ukraine to the south, and Poland on the west (see figure 1) . Belarus includes a land area of about 80,000 square miles, comparable to the state of Kansas within the United States. Its current population is 10,335,000, distributed throughout six regions, which are referred to as oblasts within Belarus.
As shown in figure 1, Mogilev Oblast lies in the eastern portion of the republic, with a total population of 1,208,600 persons; [11] about 30% of the population is classified as "rural". The region is heavily industrial and specializes in the refining of oil and chemicals, machine building, metalworking, and food production. Between 1980 and 2000 there was an average of 16,904 live births annually (range 19,642 during 1980 to 11,101 during 2000), accounting for 354,984 person-years of observation for infants in this region.
Source of mortality data
Death certificate information was obtained from the regional registration office in Mogilev. Belarussian administrative law mandates the registration of all deaths so that a death certificate can be issued. Information pertaining to all deaths in Belarus is kept in written logs. These written logs contain fields for name, date of birth, date of death, gender, area (rayon) of residence, location of death (home, hospital, other), completion of autopsy (yes/no) and cause of death. Records contained in these logs were copied for each calendar year included in the study. Following translation, text fields for immediate and contributory causes of deaths were coded to the ninth revision of the International Classification of Diseases (ICD-9) [12] . The entire database included 7,459 deaths among children ages 0-14 years, registered between 1980 and 2000. This report focuses on infant mortality, which accounted for 4672 total deaths.
Definition of infant deaths
Infant deaths included children dying prior to their first birthday (1-364 days of age). These deaths were further sub-divided into neonatal (1-28 days of age) and postneonatal (29-364 days).
Study design
This study utilized a regional cohort design that included all infant deaths occurring among persons residing within the Mogilev oblast between 1980 and 2000.
Analyses
The analytic file was restricted to deaths occurring among children who were residents of Mogilev oblast between 1980 and 2000 and who were less than 1 year of age at time of death. The 21-year period was sub-divided into 3 intervals based on historical events Cause of mortality Leading causes of infant deaths (overall and by gender) were examined for both neonatal and postneonatal deaths.
Infant death rates
Trends in annual death rates among all infants, neonates (1-28 days at death) and postneonates (29-364 days at death) were examined overall and by gender. Denominator data were based upon official birth enumerations for the Mogilev oblast. The Ministry of Health maintains birth enumerations for each of the six oblasts in Belarus. Average annual death rates were also examined across the specified time intervals : 1980-1985, 1986-1991 and 1992-2000 . Rate ratios were calculated using the 1980-1985 mortality rate as the baseline. While these data are population-based, 95% confidence intervals are included with rate ratios to provide an estimate of precision.
Further analysis of neonatal and postneonatal mortality was completed by comparing mortality rates in the Mogilev region to those in the United States and the Russian Federation. Infant mortality statistics for the United States and the Russian Federation were obtained from the National Center for Health Statistics [10, 13] . Data from the Russian Federation was not complete for all years of analysis and not available by gender [10] . Rate ratios, with the Mogilev region serving as the comparison group, were calculated for the United States and the Russian Federation, along with 95% confidence intervals. Linear regres- 
Results
Causes of death
Between 1980 and 2000, there were 4672 infant deaths in the Mogilev region of Belarus; a majority of these deaths occurred among males (n = 2788, 59.6%). The major causes of infant deaths are shown in Table 1 . For male infants, pneumonia (12.3%), prematurity (11.8%), acute viral syndrome/influenza (10.5%), congenital heart defects (10.2%), asphyxia (5.9%), cardiopulmonary insufficiency (5.2%) and multiple congenital defects (5.2%) represented leading causes of death. Among female infants, the leading causes of death were acute viral syndrome (12.4%), congenital heart defects (11.0%), pneumonia (10.4%), prematurity (9.7%), asphyxia (5.8), multiple congenital defects (5.2%) and cardiopulmonary insufficiency (5.0%).
As shown in table 2, among neonates, prematurity, congenital heart defects, and pneumonia represented the top three causes of deaths for males and females. Postneonatal deaths most commonly resulted from acute viral syndrome/influenza, pneumonia, and congenital heart defects ( Table 3) .
Trends in annual death rates
Trends in infant, neonatal, and postneonatal mortality rates between 1980 and 2000 are illustrated in Figure 2 . Infant death rates declined between 1981 and 1990, increased between 1991 and 1996, then remained stable. Less variation was noted for neonatal and postneonatal death rates, although the same general trend was noted. Figure 3 shows trends in neonatal mortality rates by gender between 1980 and 2000. Neonatal mortality rates among males generally exceeded rates for females; the shapes of the curves were comparable. A slight elevation among males was evident when trends in postneonatal mortality rates were examined by gender (figure 4). Postneonatal mortality rates declined during the 1980s, then increased slightly during the 1990s. Figure 5 presents the results of trend analyses for infant mortality and neonatal mortality which both demonstrated continous decreases between 1990 followed by a bell-shaped excess rate in the 1990's (p < 0.001). Table 4 presents leading causes of neonatal and postneonatal deaths by time interval. Common causes of neonatal deaths generally included prematurity, congenital heart defects, asphyxia, and pneumonia across all time intervals; however, asphyxia did not rank among the most frequent causes of deaths between 1992 and 2000. Causes of postneonatal deaths, which generally included acute viral syndrome/influenza, cardiopulmonary insufficiency, congenital health defects and pneumonia, did not show marked variation by time interval. Table 5 Table 4 ). During 1980-1985, postneonatal mortality rates in Mogilev were significantly higher for both males (+131%) and females (+117%) when compared to the United States. Between 1986-1991, these differences diminished somewhat but remained elevated (+49% in males, +45% in females). During 1992-2000, postneonatal mortality remained elevated (+99%) compared to US males, but did not differ from US rates among females. Postneonatal mortality rates in Mogilev were 22% to 32% lower than in Russia.
Patterns of deaths by time interval
Trends in death rates by time interval
Comparison with US & Russia
Discussion
As a result of a series of unique factors occurring during the last two decades, residents of Belarus were forced to contend with a variety of stresses deriving from environmental, economic and sociopolitical sources. As noted in this paper, it is likely that such stresses impacted the public health infrastructure with a negative effect on vulnerable sub-populations, including infants.
While infant mortality rates in Mogilev have decreased since the period 1980-1985 among both males and females, this decrement appears due to decreases in postneonatal mortality. Rates of postneonatal mortality in Mogilev have decreased since the period 1980-1985 among both males and females. Compared to rates of infant mortality for other countries, rates in the Mogilev region are generally higher than rates for the United States, but lower than rates in Russia [10, 13] . During the 1990s, rates for both neonatal and postneonatal mortality in Mogilev were two times higher than comparable rates for East and West Germany [14] . In general, there is a lack of readily accessible data preventing comparisons with other FSU republics. However, within Belarus, increased perinatal mortality in the Gomel region, adjacent to Mogilev, has been attributed to excess strontium exposures among pregnant women [15] .
Although infant mortality rates as well as neonatal and postneonatal mortality rates either decreased or remained stable during the 1986 to 1991 time period, increases were noted for 1992-2000. One possible factor for this trend was the 1991 collapse of the Soviet Union, although additional factors are likely responsible.
Maternal health is associated with access to prenatal care, substance abuse, nutrition, anemia, and the presence of sexually transmitted disease among pregnant women, and each of these factors is known to contribute to deaths among infants. Appropriate care of newborns and infants, access to health care, and maternal education are also associated with neonatal survival [16] . According to these criteria, the factors most likely to have affected overall infant mortality and neonatal mortality rates in Mogilev were changes in lifestyle and the health care system resulting from the transformation to an independent republic, although the health care structure that existed as part of the Soviet Union has been largely retained. In an analysis of mortality caused by preventable and treatable conditions, Andreev et al. (2003) provided an explanation for health consequences seen after the breakup of the Soviet Union. These authors reported an increase in deaths due to preventable conditions following 1991 [17] and attributed this to untimely and ineffective health care and changes in the quality of and access to health care.
Health resources became scarce after the 1991 collapse of the Soviet economy [18] . Wages of medical personnel were cut, resulting in lower morale, higher rates of absenteeism, and decreases in quality care. Medicines, vaccines, and medical instruments could not be afforded; medical facilities were also poorly maintained [5] .
Changes in maternal lifestyle factors associated with birth outcomes could be linked with the collapse of Communism. Economic limitations may have prevented pregnant women from acquiring proper nutrition, including use of prenatal folic acid supplementation. Cigarette smoking has been linked to reduced infant birth weight, increased pre-term births, and increased infant mortality [19, 20] . Psychosocial stress, associated with premature labor and neonatal death, [21] could also be considered as a partial explanation.
While neonatal deaths are generally associated with maternal care during pregnancy and delivery, postneonatal deaths are more reflective of socioenvironmental factors after birth [22] . In this study, little variation was 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 Year neonatal mortality rate per 1,000 live births males females noted for neonatal death rates while postneonatal death rates decreased between1980-1985 and 1986-1991; between 1992-2000 these rates increased among males but continued to decrease among females. These data suggest that the political transition in 1991 may have impacted the public health infrastructure in Belarus and had a measurable detrimental effect on infant health. Postneonatal deaths from all conditions, excluding congenital anomalies, are considered to be preventable [23] . These conditions remained as leading causes of postneonatal mortality from 1992-2000.
The quality of data collected in the former Soviet Union has been evaluated by different authors at different periods of time. Most of the authors have concluded that the population estimates and the death counts are fairly accurate, while morbidity data are difficult to obtain [24, 25] . An assessment of the completeness and accuracy of international infant mortality data has been completed for information collected as part of the United Nations (UN) Statistical Division's Demographic Yearbook. Regions of the former Soviet Union, including Belarus and the Russian Federation, perceived their data as virtually complete, [26] although there was no verification of data collection.
An additional caveat in interpreting the results of this study is to be aware of international variation in infant mortality definitions. Infant mortality is generally defined as the number of infant deaths per 1,000 live births. However, the definition of a live birth is not consistent internaPostneonatal (29-364 days of age) mortality rates per 1,000 live births in Mogilev Oblast, Belarus, 1980-2000. tionally. The World Health Organization definition of a live birth involves "the complete expulsion or extraction from its mother of a product of conception, irrespective of the duration of pregnancy which, after such separation, breathes or shows any other evidence of life, such as beating of the heart, pulsation of the umbilical cord or definitive movement of voluntary muscles, whether or not the umbilical cord has been cut or the placenta is attached." The Soviet Union adopted a less inclusive definition, excluding infants born before 28 weeks and those weighing less than 1000 grams, regardless of signs of life. Use of this definition continues in many republics of the former Soviet Union. Since a large proportion of the cases that would not be counted in Russia but would be counted in the US would have died, they would contribute to both the numerator and denominator. However, given their relatively disproportionate contribution to the numerator, the exclusion of these cases would result in an underestimation of mortality rates. The presumed effect is an underestimation of infant mortality rates in these republics, projected as being between 20% and 25% below the actual rate [5, 16, 26, 27] . Since 1994, infant mortality rates in Belarus have included infants born after 22 weeks and those weighing more than 500 grams.
Limitations of this study include the focus on a single geographic region rather than an entire country; however, we utilized existing data based on the mortality experience of 
Conclusion
Although detailed historical public health data is difficult to locate for most FSU republics, this study included information on 21 years of infant mortality for a large geographic region of the FSU. Infant mortality reflects the interaction of several complex processes including prenatal, perinatal and postnatal care, maternal health, health care resources and the public health infrastructure. These findings document elevated rates of neonatal and postneonatal mortality in the Mogilev region of Belarus compared to rates in Europe and the US. Since most postneonatal deaths are potentially preventable, health planners might utilize this information to prioritize the allocation of public health resources to maximize prenatal care, including folic acid supplementation, adequate prenatal care, education of parents, as well as enhanced access to medical care.
